Abstract: Some risks of having children at older ages are widely documented, and the "biological clock" is a popular media concern, but the association between cognitive disability generally and both mothers' and fathers' age is not well known. This article assesses descriptively the relationship between children's cognitive disability and parents' age at birth, using a sample of 353,119 children aged five to eleven living with two married parents from the 2009-2011 American Community Survey. Cognitive disability varied by parental age categories from 1.8 percent to 5.4 percent, with overall rates of 2.2 percent. Odds of disability were much more strongly associated with mothers' age at birth than with fathers' age at birth, with the highest odds for children whose mothers were age 45 or higher at the time of their birth (adjusted odds ratio 2.7 relative to age 30 to 34) and the lowest for those born to mothers in their early 30s. These results demonstrate that the risk is strongly associated with the mother's age at birth-but not the father's. This is consistent with previous research showing that it is the mother's health, rather than age per se, that is most important for the health of their children.
B
iological parents' age has been linked to a wide variety of cognitive disabilities and mental health conditions for their children. The incidence of autism spectrum disorders (ASD) is elevated when children are born to older parents (Sandin et al. 2012; Bilder et al. 2009; Parner et al. 2012) , as is incidence of Down syndrome (Sherman et al. 2007) , schizophrenia (Miller et al. 2011) , and behavioral problems (Gray, Indurkhya & McCormick 2004) . Many other health conditions also are related to parental age. Older mothers are more likely to have children with intellectual disabilities generally, partly through increased risk of low birth weight (Griffith, Mann & McDermott 2011) . Because the trend of increasing rates of ASD coincides with rising paternal age at birth, recent research suggests increased de novo mutations in men's sperm as they age may play a role in this trend (Kong et al. 2012; Liu, Zerubavel & Bearman 2010) .
Most research about maternal age focuses on health during pregnancy and delivery, finding that older mothers are more likely to have preeclampsia, stillbirths, and adverse perinatal outcomes (Griffith et al. 2011; O'Leary et al. 2007 ). In addition, mothers with health conditions such as diabetes, asthma, and anemia are more likely to have children with intellectual disabilities and ASD (Leonard et al. 2006) . Because low birth weight, small size for gestational age, and perinatal complications are risk factors for ASD and other conditions, and their incidence also rises with a mother's age, such factors may be pathways by which maternal age influences cognitive disabilities (Moore et al. 2012; Glasson et al. 2004 ). On the other hand, a variety of harmful conditions have also been associated with very young maternal age, including intimate partner violence, although these may be related to poor socioeconomic background (Silverman et al. 2006; Geronimus & Korenman 1993) .
Some studies have reported independent effects of both maternal and paternal age, for example on odds of low birth weight and ASD (Croen et al. 2007; Reichman & Teitler 2006; Shelton, Tancredi & Hertz-Picciotto 2010) . But it is difficult to identify statistical relationships in studies with small samples, the ages of a child's mother and father are highly correlated, and many studies examine only one or the other. The present study relies on a large sample of U.S. Census data (see below), including thousands of parents who were in their forties when their children were born.
Children's health is better on average in families with higher income, and whose parents have higher levels of education (Schor et al. 2003) . The prevalence of developmental disabilities and intellectual disability is thus higher in low-income families, although autism may be more often diagnosed in families with more highly educated parents (Leonard et al. 2011; Durkin et al. 2010; King & Bearman 2011) . Some conditions, such as intellectual disability and Down syndrome, are found at varying rates across racial and ethnic groups in the U.S., although the mechanisms for these patterns are unknown (Griffin, Mann & McDermott 2011; Sherman et al. 2010) . In this study, parental education, family income, and race and ethnicity are controlled. Because the study was limited to married-couple families in which both parents were in their first marriage (see below), family structure variables were not included.
Some sources of cognitive disability are unevenly distributed among children by sex. Intellectual disabilities are more commonly diagnosed among boys, as are ASDs and schizophrenia (Boyle et al. 2011; Liu, Zerubavel & Bearman 2010; Aleman, Kahn & Selten 2003) . In addition, the age of a child's father has been implicated in autism and schizophrenia in particular, due to de novo mutations (Kong et al. 2012) . Initial tests showed non-significant differences in coefficients by sex, so this study analyzes boys and girls together.
The strength of this analysis is its use of a large, high quality dataset with sufficient samples to examine the children of older mothers and fathers, as well as a general measure of cognitive disability that avoids some of the ambiguity in diagnosis that affects studies based on clinical data. On the other hand, that general measure does not permit analysis of specific health conditions. An additional weakness is the lack of covariates measured at the time of birth, or health histories of parents and children before the time of the survey. However, no available data can overcome these weaknesses while providing large samples of older parents. These descriptive results help establish the prevalence and relative odds of cognitive disabilities in children by the age of their parents, which will be useful for consideration in future studies of small populations and specific health conditions.
Methods
The analysis uses data from the 2009 to 2011 American Community Survey (ACS), conducted by the U.S. Census Bureau, made available by IPUMS (Ruggles et al. 2010) . Three years of data are pooled to increase reliability. The sample consists of 353,119 children ages five to eleven (of whom 51 percent were boys) living with married parents. The sample is constructed to minimize several potential threats to validity. Because the ACS does not include family histories, parents' age at birth must be ascertained from current ages of co-residing family members. To maximize the likelihood that children in the sample were the biological children of both mother and father in the household, the sample is restricted to those (a) listed as biological children of the householder, (b) in households where the householder was married to a spouse of different sex, (c) both husband and wife were in their first marriage, and (d) the child was born after the year of the parents' marriage. Under these conditions, we may reasonably assume that the age difference between children and their parents represents the biological parents' age when the child was born-the only exceptions being the rare cases in which married couples produced children with the biological contribution of a third adult.
Step, adopted, and foster children are excluded from the analysis, as are a very small number of children whose mothers were older than 49 at their birth.
The five to eleven age range was chosen to maximize sample size without compromising the disability measure. The survey does not report on disability status for children younger than five. From age five to eleven the incidence of cognitive disability increases with age, representing diagnoses occurring as children mature. As children age, the likelihood of disability resulting from lived experience increases (e.g., contracted illnesses, accidents); since this article focuses on disabilities related to parents' age at birth, older children were excluded. An unknown number of children born with disabilities were excluded from this analysis if they are not living with both of their parents, or if they have died.
The ACS assesses cognitive disability with the following question: "Because of a physical, mental, or emotional condition, does this person have serious difficulty concentrating, remembering, or making decisions?" This question is based on a disability framework (from the World Health Organization's International Classification of Functioning, Disability, and Health), rather than a diagnosis of disease. Therefore, people with disabilities are classified regardless of the origin of their condition, which may be psychological or neurological, resulting from genetic conditions, gestational or birth complications, or events or illnesses in the first years of life. The question used here reflects a Census Bureau change in 2008, when they replaced "mental" with "cognitive" and replaced "difficulty learning, remembering or concentrating" with "serious difficulty concentrating, remembering, or making decisions." As a result about one percent of children -presumably those with learning disabilities-were no longer identified as having disabilities (Brault 2009 ).
In order to isolate the association between parental age and cognitive disability, the following are statistically controlled: the child's age and age squared; education of the mother and father (as less than high school complete, or high school only complete, or college degree or higher complete); family income (natural log of dollars); and race or ethnicity (coded into mutually exclusive categories for white, Latino, American Indian, Asian, black, and Pacific Islander). The bivariate relationship between parental age at birth and children's disability rates is assessed first, followed by multivariate logistic regression models for the odds of having a reported cognitive disability. Because the age at birth of a child's mother and father are highly correlated (r=.80), separate models are estimated for each before they are combined. All analyses use the survey's population weights.
Institutional review board approval was not required for this study because it involved secondary data prepared by the U.S. Census Bureau to exclude identifying information. Data files and computer code for all analyses will be made public upon publication.
Results
The sample yields an overall rate of 2.2 percent of children with cognitive disabilities. Variables used in the analysis are presented in Table 1 . The unadjusted relationship between mothers' and fathers' age and cognitive disabilities is presented in Figure 1 . Children born when either their mothers or fathers were in their early 30s have the lowest cognitive disability rates (1.8 to 1.9 percent). There are higher disability rates for children born to parents younger than 30, and then increasing rates of disability for parents older than 35 (for mothers) and 40 (for mothers and fathers). The unadjusted relationship between age and disability only differs substantially between mothers and fathers above age 40, when the children of older mothers have higher disability rates than those of older fathers.
Logistic regression results are presented in Table 2. The first two models, which include fathers' age and mothers' age respectively, with controls for the demographic covariates, are consistent with the unadjusted cognitive disability rates reported in Figure 1 , with the lowest odds found among children born to parents in their early 30s, and higher odds at both older and younger ages. The comparison between models shows that the father's age is more weakly associated with cognitive disability. The change of likelihood ratio χ 2 from Model 2 to Model 3 shows that adding paternal age does not add significantly to the predictive power of the model (χ 2 = 7.0, 6d.f., p > .30). Further, the coefficients for the mother's age in Model 3 are reduced only slightly, but those for father's age are reduced much more. Odds ratios based on Model 3 are plotted in Figure 2 .
Discussion
Using a large, national sample from the U.S. Census Bureau's American Community Survey for 2009-2011, this study finds a cognitive disability rate of 2.2 percent. That is lower than the 4.1 percent reported by the National Health Interview Survey for children in this age range who were "ever told they have mental retardation or any developmental delay" (Blackwell 2010) . The difference may result from divergent definitions and survey methods, but it is likely also a consequence of the relatively privileged status of the sample used in this study, which includes only children living with two married parents in the first marriage for each parent. Among all children ages five to eleven in the 2009-2011 ACS, 3.9 percent were reported to have cognitive disabilities. In particular, one group excluded from this study, those living in group quarters, has much higher rates of cognitive disability (26 percent). Without knowing the age of those children's biological parents, however, we cannot know the implication of this exclusion for the questions in this analysis. For this sample, the analysis shows that rates of cognitive disability are associated with mothers' and fathers' age at birth for boys and girls aged five to eleven. The rates follow a J-shaped pattern, with lowest rates for children born to parents in their early 30s, and higher rates for parents both younger than 30 and older than 35. However, the relationship with maternal age is much stronger and is robust to statistical controls for demographic factors known to be associated with cognitive disability. After adjustment for demographic covariates, the relationship between paternal age and cognitive disability is very small (and not significantly different from zero at conventional levels).
Cognitive disability in children may be caused by a variety of conditions with different risk profiles. Potential parents seeking guidance for their reproductive decisions understandably may have difficulty comparing risks associated with age for different conditions, some of which carry considerable ambiguity in their diagnosis (Mandell et al. 2009 ). The use of all-condition cognitive disability in this study, based on a large, population-based sample, contributes to our understanding of the overall risks.
Despite the considerable attention that men's "biological clock" has received recently (Shulevitz 2012), these results do not lend support to the narrative in which men's age has an inde- Relative odds of cognitive disability, by mother's and father's age at birth, with age <25 as the reference category for each (from Model 3 in Table 2 , showing 95% confidence intervals).
pendent biological effect on children's cognitive outcomes. Using a broad measure of disability, and considering mothers' and fathers' ages together, these results show that maternal age is much more strongly associated with children's cognitive disability. The results for paternal age are not consistent with the suggestion that de novo mutations in older men increase the risk of conditions such as autism spectrum disorder that may be triggered by such mutations (Kong et al. 2012) . Maternal age (but not paternal age) affects children partly because it is associated with the mother's health (which declines at older ages) at the time of pregnancy and delivery (Geronimus & Korenman 1993) . Such a mechanism, consistent with these results, suggests the importance of a policy emphasis on improving maternal health.
